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WINGS V I T H  NOZZLE-SHAPED SLOTS. * 
By Richard Katzriayr. 

Aerodynaaic engineers have always sought t o  discover devices  

which would produce tine g r e a t e s t  l i f t  wi th  the l e z s t  poss ib le  

drag. Theis f i rs t  successes were obtained by giving a s u i t a b l e  

shape t o  t h e  wing p ro f i l e .  This device f a i l e d ,  however, at 

l a r g e  angles of a t t a c k  (18-2l0), s o  tha t  it appeared impossible 

t o  ob ta in  g r e a t e r  maximum l i f t s  than 2 c = 150. Only after 

t h e  cause was found f o r  t he  sudden decrease i n  t h e  l i f t  a f t e r  

reaching a c e r t a i n  angle o f  a t t ack ,  were means adopted which 

enabled a f u r t h e r  increase i n  the  l i f t i n g  e f f e c t  of a wing. 

The l i f t  decrease was found t o  be due t o  t he  loss of energy 

which f i n a l l y  t akes  place i n  t h e  so-called %oundary l aye r "  of 

t h e  air flow. This occurs i n  connection with a r a p i d  and ex- 

Ag 

cess ive  pressure increase ar,d causes t h e  boundary l a y e r  t o  sep- 

a r a t e  from t h e  upper surface of the wing, thus leading  t o  a 

p a r t i a l  r e v e r s a l  of  t h e  d i r e c t i o n  of flow and f i n a l l y  t o  t h e  

formation of  vo r t i ce s .  The most obvious way t o  counteract t h i s  

e v i l  i s  t o  r ep lace  the  l o s t  energy i n  t h e  boundary layer .  This 

can be accomplished i n  va r ious  ways. 

I n  the  case of lfrotors,[!  f o r  example, t he  energy i s  added 

by causing t h e  surface of t h e  r o t o s  t o  move i n  t h e  d i r e c t i o n - o f  
+"Dfisenflugel, from Berichte der  Aerodynakschen Versuchsan- 

stalt  i n  Wien, VOX. I ,  30. 1 (1928), pp. 57-75. 
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the main flow, thereby imparting, through f r i c t i o n ,  a supple- 

mentary acce le ra t ion  t o  t h e  air near  i t s  upper surface. 

With t h e  f t s l o t t e d  wingsti o f  Lachmm-n and Handley Page, the  

boundary l a y e r  on t h e  upper s ide  i s  acce lera ted  by the  addi- 

t i o n a l  air flowing through t h e  s l o t s .  

add i t iona l  air i s  der ived from the pressure  d i f fe rence  between 

t h e  upper and t h e  lower s i d e  of t he  wing, The energy t ransfor-  

mation i s  e f f e c t e d  w i t h  t h e  l e a s t  loss i n  nozzle-shzped s l o t s ,  

The k i n e t i c  energy of t'he 

I n  Ggttingen an attempt i s  being made t o  reach t h e  sane 

goal  i n  a t h i r d  way. This cons i s t s  i n  removing t h e  boundary 

l a y e r  f rom the  top of t he  wing by suc t ion  i n t o  the i n s i d e  of 

t h e  wing, a method which a l s o  means nothing but an acce lera t ion  

o f  t h e  boundary l a y e r ,  s ince  a pressure  drop i s  produced on the  

upper s i d e  of t h e  wing by c rea t ing  a negative pressure  in s ide  

t h e  wing. T h i s  pressure drop acce le ra t e s  t he  flow of  the sur- 

rounding air . 
The d i r e c t  use of r o t o r s  as a i r fo i l s  i s  very uneconomical, 

s ince  the  considerable t ransverse  force  produced by them i s  

accompanied by a g rea t  drag i n  the main d i r e c t i o n  of motiorr- 

which r equ i r e s  considerable energy t o  overcome, For construc- 

t i o m l  reasons,  on t h e  o ther  hand, it i s  no t  poss ib le ,  i n  t he  

case of unsyrnmetricd. bodies l i k e  a i rp l ane  wings, t o  employ 

t h e  method used with r o t o r s ,  Experiments w i t h  wings having 

r o t o r s  f i t t e d  i n t o  t h e i r  Leading edge showed t h a t  no consider- 

able l i f t  increase  can be thus  ohtained. 
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With s l o t t e d  wings, however, a considerable increase  was 

found i n  the  l f f t i n g  power, e spec ia l ly  i n  the m a x i m u m  l i f t .  

I t  was found, however, t h a t  a corresponding drag increase  oc- 

cur red  at small and medium angles  of a t t ack ,  s o  t ha t  s l o t t e d  

wings a re  of p r a c t i c a l  importance only when the s l o t  openings 

can be regula ted  during f l i g h t .  

The r e s u l t s  o f  only a few labora tory  experiments wi th  suc- 

t i o n  a r e  ye t  ava i lab le .  They ind ica t e ,  however, a considerable 

inc rease  i n  l i f t i n g  power without change i n  drag, Even before 

the  publ ica t ion  of t h e  r e s u l t s  o f  t he  Ggttingen experiments on 

t h e  removal of the boundary l a y e r  by suc t ion ,  experiments with 

nozzle-slo t t e d  wings were begun, at t h e  suggestion of Josef 

Mickl, i n  t h e  Vienna Aeromechanical Laboratory, A repor t  of 

t hese  experiments w i l l  be given here, 

With t h i s  type o f  wing t h e  add i t iona l  energy i s  supplied 

t o  the  boundary l a y e r  on the  top  o f  t h e  wing by a current  of 

air  flowing o u t  through a slot p a r a l l e l  t o  t h e  lead ing  edge 

and tangent t o  the  wing p r o f i l e .  Only toward the  end of  t h i s  

investigatiom! d id  it become known t o  t h e  writer t h a t  t h i s  msth- 

od of  i nves t iga t ion  had been proposed i n  o ther  count r ies ,  e.g., 

by Professor  Baumann in: Germany, by Professor  Lafay i n  France, 

and by Professor Stroescu i n  Roummia, I do not know whether 

experiments with such nozzle-s lot ted wings were a c t u a l l y  imti- 

t u t e d  i n  the  above-mentioned m u n t r i e s ,  In  Vienna specia3 i m -  

por tance was la id ,  f rom t h e  f i r s t ,  on t h e  cor rec t  form of the 
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+ 
passages at the o u t l e t s .  They were made nozzle-shaped, in  order 

t o  e f f e c t  t he  completest poss ib l e  conversion of the  p o t e n t i d  

energy o f  t h e  cornpressed air i n s i d e  t h e  wing i n t o  k i n e t i c  energy 

at the  mouth o f  t h e  s l o t s .  The nozzle shape of the  air passages 

l e d  t o  t he  use of t he  expression "nozzle-s lot ted wings" t o  des- 

i g n a t e  t h i s  type, It d i f f e r s  from t h e  ordinary s l o t t e d  wing i n  

t ha t  t h e  air i s  not  taken from t h e  lower s ide  o f  t h e  wing, but 

from t h e  i n s i d e  of t h e  wing, t o  which i t  can be constant ly  sup- 

p l i e d  i n  any des i r ed  manner, Thus i t  i s  poss ib le ,  independently 

of t he  angle of a t tack ,  t o  impart t o  t h e  a u x i l i a r y  air the  ve- 

l o c i t y  of discharge bes t  s u i t e d  t o  each p a r t i c u l a r  case. More- 

over,  t h e  s l o t  openings can be loca ted  at those p o i n t s  o f  the  

wing p ro f i l e  where they w i l l  be ;nost e f f ec t ive .  Las t ly ,  it i s  

poss ib l e  t o  r egu la t e  t he  discharge of t h e  aux i l i a ry  air without 

movable p a r t s  on the wing i t s e l f ,  as i n  the case o f  ordinary 

s l o t t e d  wings. 

I n  order t o  ob ta in  an i d e a  o f  t h e  e f f e c t  of t h e  dischacge 

of t h e  compressed air t a n g e n t i a l l y  t o  t h e  wing sur face  on the  

magnitude and d i r e c t i o n  of t h e  r e s u l t a n t  aerodynamic force ,  cx- 

periments were f i r s t  t r i e d  with a cy l inder ,  This  cy l inder  had 

a diameter of 150 mm (5.91 i n . )  and a l eng th  of 990 mnfl (39 in.). 

It was made o f  sheet brass 0.2 nun (0.008 in , )  t h i c k  and was pso-  

vided w i t h  twelve slots p a r a l l e l  t o  t h e  cyl inder  suxface, and 

0.75 -. WA (0.03 in . )  wide, 

s l o t s ,  as shown i n  Figure 1. 

Sheet-brass tubes l e d  the  air t o  these  

The cy l inder  surface was s t i f f ened  
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by two r i n g s  a and b, be tmcn  m-hich t h e  width of t h e  s l o t s  

w a s  f i x e d  by so lder ing  i n  sho r t  p i eces  of wire C. The end 

malls e and f (Fig. 1) were provided v i t h  connecting tubes 

g and h, of  65 mn (2.56 i n , )  diameter and LOO -m (3.94 in.) 

l eng th ,  through which t h e  coipressed air could flow i n t o  the  

cyl inder .  

Since t h e  passages t o  t h e  discharge s l o t s  a l l  l e d  i n  t h e  

same d i r e c t i o n ,  t he  outfl-owing air forined an. envelope around 

t h e  cyl inder  c i r c u l a t i n g  i n  a d e f i n i t e  d i r ec t ion .  I n  order  t o  

determine the e f f e c t  of t h e  c i r c u l a t i n g  supplementary air on 

t h e  magnitude o f  t h e  air force  on the cy l inder ,  it was exposed 

t o  t h e  air stream i n  a wind tunnel and t h e  drag and t ransverse  

f o r c e  { i .e , ,  t h e  l i f t )  were measured. 

For t h i s  purpose the  cy l inder  was suspended on two wires 

f r o m  t h e  drag balance and connected w i t h  the  l i f t  balance by 

means of four  levers .  It was aLso necessary t o  make f u r t h e r  

provis ions ,  t o  enable t h e  de l ive ry  of t h e  compressed air  t o  t he  

cy l inder  w i t h o u t  hampering the  ac t ion  o f  t he  two balances. 

Las t ly ,  it w a s  necessary t o  e l iminate  the  e f f e c t  of t he  f i n i t e  

cy l inder  l eng th  on t h e  r e s u l t s .  The air suppl ied t o  t h e  cyl in-  

der  w a s  h ighly compressed by a cen t r i fuga l  blower. The com- 

p re s sed  air  w a s  l e d  through p ipes  t o  the  border o f  t he  a r t i f i -  

c i a l  air stream and thence i n t o  t h e  cy l inder  by means o f  two 

thin-walled rubber tubes of 1 meter (3.28 f e e t )  f r e e  l eng th  and 

t h e  connections g and h. Since the  t h i n  rubber tubes were not 
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s t rdng  enough t o  withstand the  i n t e r n a l  a i r  pressure,  they were 

enclosed i n  n e t s  o f  f i n e  thread,  which kept them from burs t ing  

without diminishing t h e i r  f l e x i b i l i t y .  This  device proved sat- 

i s f a c t o r y  and did not hamper the  operat ion of  t h e  balances,  

even when the  rubber tubes were f u l l y  distended, I n  order t o  

p r o t e c t  the  rub'csr tubes from the ac t ion  of the  air  stream, 

they were enclosed i n  sheet-metal pipes  of 150 rflvn (5.9 i n , )  

diameter. These pipes  were brought c lose  t o  the  ends of the  

cy l inder  and f i rmly secured by s tay  wires  against  the  ac t ion  

of t h e  air  stream. 

outs ide  diameter as the  cy l inder ,  they a l l  formed one continuous 

body o f  uniform c ross  sec t ion  passing t ransverse ly  through the 

whole air stream. The e f f e c t  o f  the f i n i t e  cyl inder  length on 

the  r e s u l t s  was thus eliminated. Figure 2 shows the  whole in- 

s t a l l a t i o n  as viewed f rom the  l i f t -ba lance  s ide,  and Figure 3 

Since the p ro tec t ing  pipes  had the  same 

as viewed f rom the  air-pipe side,  

The quant$ty of  air flowing from the  cyl inder  could not be 

'determined by means o f  a measuring o r i f i c e  (Staurand) ,  because 

t h e  s t r a i g h t  sec t ions  of the  air  pipes  were ngt long enough, 

The q u a n t i t y  of air was est imated from the  e x i t  ve loc i ty  at the 

s l o t s .  The pressure i n  t h e  cyl inder  w a s  also measured occ-asion- 

a l l y .  The experiments were conducted at d i f f e r e n t  dynamic 

pressures  and e x i t  v e l o c i t i e s  both w i t h  a l l  the  s l o t s  open and 

w i t h  only a p a r t  o f  them open, 

The cyl inder  w a s  f irst  suhjected t o  t h e  air stream without 
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causing any air t o  flow from t h e  s l o t s .  

at s i x  dynamic pressures  and consequently at s i x  d i f f e r e n t  

Reynolds Numbers R. 

ure 4, show the  chaxac te r i s t i c  dec l ine  i n  the  drag coe f f i c i en t  

The t e s t s  were made 

The resul ts ,  as given i n  Table I and Fig- 

with increas ing  values of R. The drag c o e f f i c i e n t s  are based 

on an a r e a  F = 0.99 X 0.15 = 0.1485 rn2 (1.6 sq.ft,). 

a t i v e l y  high value 'of 2 cw f o r  R = 214,300 i s  ascr ibable  

t o  t h e  pecu l i a r  character  of t he  cyl inder  surface,  

The re l -  

Table I1 and Figure 5 g ive  t h e  r e s u l t s  obtained wi th  air 

i s s u i n g  from t h e  s l o t s  i n  t h e  cy l inder ,  diagrams a t o  c 

6 )  show the  number and d i s t r i b u t i o n  o f  t h e  s l o t s  open during 

t h e  experiments, t he  r e s t  of  t h e  s l o t s  being closed w i t h  wax. 

Figure 6 shows t h e  number o f  t h e  open s l o t s  and t h e i r  l o c a t i o n  

(Fig. 

with respec t  t o  the  d i r e c t i o n  of  t h e  air f low,  I n  case a, a l l  

t h e  s l o t s  were open. From Table I1 anc Figure 5, it  i s  seen 

t h a t ,  as the r a t i o  u/v increases ,  t h e  t ransverse  force  ( l i f t )  

' increaees ,  while the  drag f i rs t  decreases  and then increases .  

The curves ia Figure 5 a r e  sirnilax t o  t h e  c h a a c t e r i s t i c  curve 

of an ordinary wing. I n  analyziiig them, it  should be noted 

t h a t  t h e  sane s c a l e  was used f o r  2 cA and 2 CW. If the  char- 

a c t e r i s t i c  curve obtained f o r  t h e  s l o t t e d  cyl inder  i s  compared- 

with t h e  curve obtained i n  G2ttingen w i t h  a r ap id ly  revolving 

f i n i t e  cyl inder  of 70 rmn (2.76 in.) diameter and 330 mm (13 in.) 

l eng th  between two terminal d i sks  of 140 m (5.5 i n , ) ,  t h e  

g r e a t  s i m i l a r i t y  of  t he  r e s u l t s  i s  apparent (Fig.  5, -curve b) .  
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The drw c o e f f i c i e n t s  a r e  sma,ller throughout f o r  t h e  s l o t -  

t e d  cy l inder  than f o r  the p l a i n  cy l inder  compared w i t h  it. 

i s  probably due t o  t h e  i n f i n i t e  l eng th  of the cy l inder  used i n  

t h e  Vienna experiments. 

t i o n a r y  end cy l inders  enclosing the rubber air tubes,  no air  

flowed out t a n g e n t i a l l y  t o  t h e i r  sur face ,  so  t ha t  t he  flow dia- 

gram around the  cyl inder  suspended from, t h e  drag balavlce was 

no t  q u i t e  l i k e  t h e  one around $he s t a t i o n a r y  elid cyl inders ,  

Hence t h e  r e s u l t i n g  2 cw va lues  are probably too high. The 

Vienna l i f t  c o e f f i c i e n t s  a r e  very s i m i l a r  t o  those obtained i n  

G&ttingen. 

This 

It should be noted t h a t ,  from the  sta- 

This fundamental experiment showed that  the compressed air 

flowing out t a n g e n t i a l l y  t o  t h e  cy l inder  had an e f f e c t  very s i m -  

i l a r  t o  t h a t  of the  c i r c u l a t o r y  flow produced by t h e  sur face  

f r ic t ion-  of a plain- r o t a t i n g  cyl inder ,  

The resul ts  given i n  sec t ions  b t o  e of Table I1 and i n  

Figure 5, show t h a t  c los ing  p a r t  of the s l o t s  causes a diminu- 

t i o n  of t h e  kransverse force  ( l i f t )  and a l so  of t h e  drag. It 

i s  noteworthy t h a t  the l a t t e r  has smaller values throughout thaa 

i n  t h e  case o f  a cy l inder  f rom whose sur face  no air  flows. Com- 

pa r i son  of d and e shows, moreover, that  the l o c a t i o n  of the  

s l o t s  wi th  respec t  t o  t h e  d i r e c t i o n  of t he  main flow g r e a t l y  

a f f e c t s  t h e  results. The e f f e c t  o f  t h e  a,d-d-lltiorral air is  a l l  

t h e  g r e a t e r ,  t h e  more of it i s  blown i n t o  the  dead-air space 

behind the obs t ac l e ,  a r e s u l t  n o t zpparent i n  the  following 



N . A . C . A .  Technical Memorandum No. 521 9 

wing inves t iga t ions .  

It should also be nientioned that the r a t i o  u/v was so  

changed tha t  the ve loc i ty  o f  t h e  main flow var ied ,  while the 

outflow of t h e  supplementary air remained constant,  It would 

probably have been b e t t e r ,  a t  the  highest poss ib le  wind ve loc i ty ,  

at p = about 30 mm (1.18 i n . )  water column, t o  increase  t h e  

v e l o c i t y  of t h e  f l o w  f rom t h e  s l o t s  by a corresponding pressure 

increase  i n s i d e  the cy l inder ,  s ince  t h e  var ious measurements 

would then have been made f o r  one m d  the  same index value. 

The cen t r i fuga l  blower at our d isposa l  did not furn ish ,  however, 

the  high p res su res  requi red  and we had t o  adopt the previously 

mentioned expedient . 

- 

After t h e  above-described experiments showed tha t  t rans-  

ve r se  forces  could be generated by the  t angen t i a l  f l o w  of com- 

pressed  air  from s l o t s  i n  t h e  sur face  of a cyl inder ,  t h e  same 

as wi th  r o t o r s ,  we a l s o  inves t iga t ed  t h e  e f f e c t  of  o b j e c t s  with 

wing-shaped cross  sect ions.  The performance of  these  experi- 

ments was much more d i f f i c u l t  than those wi t& the cylinder.  

We had t o  abandonr, the in t roduct ion  of t he  air f rom the s i d e s  on 

account of  t he  necessary changes i n  t h e  angle of attack. The 

air  duct was t r a n s f e r r e d  t o  t h e  center  of t he  lower side of t he  

wing. Great pressure drops i n  the in t ake  pipe had t o  be ac- 

cepted, s ince i t s  s m a l l  s i z e  necess i t a t ed  high v e l o c i t i e s ,  and 

s ince  it had seve ra l  sharp bends. The central. pos i t i om of the  

in take  pipe w a s  a l s o  unfavorable f o r  t he  uniform d i s t r i b u t i o m  
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of the  outflowing air throughout t he  whole span, which has t o  

be taken i n t o  considerat ion i n  the  analysis of t he  r e s u l t s .  

The in take  pipe i s  shown i n  Figure ,?. 

and FfaS fas tened t o  t h e  upper c e n t r a l  support of the  l i f t  bal- 

ance. The end toward the  wing model was tapered and aas con- 

nected w i t h  the  l a t t e r  by means of a short thin-walled rubber 

It was a streamlined pipe 

tube and a tubular  connection on the  model. T h k s  f l e x i b l e  union 

was necessary because changes i n  the  angle of a t t a c k  shortened 

the  lower par t  o f  t he  tube. 

a 90' elbow with i t s  f r e e  a r m  extending upward, 

The end toward t h e  model c a r r i e d  

The center  o f  

curvature of t he  elbow w a s  s o  l oca t ed  tha t  the d i r e c t i o n  of the 

mean cen t r i fuga l  force o f  t he  ai2 flowing through the  pipe 

passed through the  fulcrum of the l i f t  balance, Any impairment 

of t h e  l i f t  values by t h i s  r eac t iomxy  force was thus  avoided, 

To the  f r e e  end of the  elbow the re  was fastened a thin-tvalled 

rubber tube 700 -mm (27.6 i n . )  long and ,70 mm (2.76 in.)  i n  diam- 

e t e r ,  which, as i n  the  experiments w i t h  t he  cy l inder ,  was pro- 

t e c t e d  against  burs t ing  by a net  (Fig. 7) .  

t h e  cen t r i fuga l  blower i s  completed by mcms of another. elbow, 

a taper ing  piece and a pipe 120 -mm (4.7 in.)  i n  diameter. 

measuring o r i f i c e  had been introduced at 2/3 t he  length  of the . 

v e r t i c d .  part of the pressure pipe. The quan t i ty  of air  del iv-  

ered could be var ied  by t h r o t t l i n g  on the  suct ion s ide  of the 

centr i fugal ,  blower. A small tube,  which passed through the  large 

elbow near the balance i n t o  the  in s ide  of the  wing, enabled the  

The connection with 

A 
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measuring o f  t h e  pressure on a micromanometer shorn i n  the r ight  

foreground o f  Figare  8, The wing models were supported i n  the  

usual manner by two wires  frorn t h e  drag bal'unce md were con- 

nected with t h e  l i f t  balance by t h r e e  rods,  

Tests mere made w i t h  f o u r  models vhich differed from one 

another i n  t 3 e i r  cross-sect ional  shape ,and i n  t h e  number and 

d i s t r ibu t io l r . o f  the  outflow s l o t s ,  Three o f  the  models mere 

ffnormd. wings" While the  fou r th  was 5, monoplane model. TITQ 

d i f f e r e n t  wing sec t ions  o r  p r o f i l e s  were used f o r  t h e  normal 

wings, one o f  which w i l l  be designated by I (Fig. 9 ) .  The coni- 

pressed  @ir could escape through th ree  s l o t s ,  two of them being 

on t h e  upper side ,and t h e  t h i r d  one on t h e  lower side of t h e  

wing, Their l oca t ion ,  shape ana s i z e  a re  shown i n  Figure 9. 

The s l o t s  extended t h e  whole l eng th  of t h e  model (900 m 2 35.4 

in.) .  

metal p la tes .  The leading  edge of t h e  model was connected w i t h  

t h e  t r a i l i n g  edge by an i ron  p l a t e  which had a row of l a r g e  

h o l e s  f o r  t h e  passage of t he  air. The r e a r  channel was con- 

nec ted  with the  channel i n  t h e  lower p o r t i o n  of t he  ning by a 

s e r i e s  of hollowed-out passages. The s l o t s  were covered w i t h  

cardboard s t r i p s  1 2  mra (0.47 in.) wide, glued f i rmly  t o  the  

wood on one edge. 

r a i s e d  the .cardboard s t r i p s  and flomed from t h e  s l o t s  almost 

t a n g e n t i a l l y  t o  t h e  wing p r o f i l e ,  The s t r i p s  mere a t tached  i n  

such rmnner that  the  escaping air could flow only toward the  

The channels were closed at t h e  ends of t h e  model by 

The conipressed air pumped i n t o  t h e  wing 
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rear on the upper s i d e  of t h e  wing and only toward t h e  f r o n t  

on the  lover  side. 

The second p r o f i l e  shape EiQS t h e  Gt t t ingen  398. 

were made of t vo  normal vings of  t h i s  shape 900 x 150 mm 

(35.4 X 5.9 in.). 

designated by Ii (Fig. 10). 

and vi11 be designated by-I11 (Fig, 11). 

I, had two s l o t s  on the  upper s i d e  gad one on t h e  lower s ide ,  

while model I11 had s i x  on the  upper s i d e  and three on t h e  

Models 

One of t hese  hcd t h r e e  s l o t s  a d  n i l 1  be 

The o ther  model had nine s l o t s  

Model 11, l i k e  model 

lower side. The s l o t  openings were p a r a l l e l  t o  one another 

and extended t h e  whole length of the models. These models 

were made of seasoned mood and d i f f e r e d  f rom model I princi- 

p a l l y  i n  t h e  shape o f  the  i n s i d e  passages t o  the  s l o t  openings. 

A s  shown by Figures 10 and 11, t h e  passages tapered toward the  

sur face  so  as t o  form nozzle-shaped s l o t s ,  through which flowed 

r egu la t ed  air streams. The f l o w  l o s s e s  were thus considerably 

reduced and t h e  flow v e l o c i t y  was t he  maximum f o r  the  given 

internal .  pressure.  Model 11 cons is ted  of t h ree  separa te  p a r t s  

h e l d  together  by a number of p l a t e s  throughout t h e  span. 

Eodel I11 cons is ted  of n ine  parts. In  t h e  middle of the span, 

where t h e  i n l e t  tube f o r  t h e  compressed air was a t tached  t o  

the lower s i d e  of t h e  model, the p a r t s  were he ld  toge ther  by a 

metal  band 50 mm (about 2 i n , )  wide pass ing  e n t i r e l y  around 

the  model, t h e  s l o t s  being in t e r rup ted  f o r  tlitswidth. A s  i n  

t h e  case o f  model I ,  c a d b a r d  s t r i p s  12  mm (0.47 i n , )  wide 
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were glued at one edge t o  t h e  wood parts s o  as t o  cover the 

s l o t s .  

r e l e a s e d  t h i n  air j e t s  during the t e s t s .  

The opposite edge was l i f t e d  by t h e  compressed air md 

Due t o  the s m a l l  dimensions of the  model, t h e  i n s i d e  chm- 

n e l s  could not  be p e r f e c t l y  shaped, I n  p a r t i c u l a r ,  the  f r e e  

- s e c t i o n  of the  main channel i n  t h e  middle of t h e  spamwas r e l -  

at i v e l y  t 00 small, thus occasioning considerable flow losses .  

Spec ia l  a t t e n t i o n  i s  c a l l e d  t o  t h i s  po in t ,  because these un- 

favorable  condi t ions,  mhich do not  e x i s t  t o  so high degree i n  

f u l l - s c d e  a ings ,  must be taken- i n t o  considerat ion i n  the anal- 

y s i s  of  t h e  f i n a l  r e s u l t s .  
I 

t e s t s  were made w i t h  t h e  above-described models , but 

only t h e  most inportant ones w i l l  be r e f e r r e d  t o  here. The 

t e s t s  cover t h e  determination o f  the  l i f t  and drag c o e f f i c i e n t s  

at d i f f e r e n t  angles of  a t tack .  The t e s t s  were made both with 

and without air  flowing from t h e  s l o t s .  I n  the  former case,  

as in t h e  case o f  t h e  cyl inder ,  t h e  r a t i o  of t h e  discharge ve- 

l o c i t y  U t o  t h e  ai r-s tr e am v e l o c i t y  V was varied. This 

could be done only by varying t h e  v e l o c i t y  of t he  air stream, 

The number and l o c a t i o n  of t h e  open s l o t s  were va r i ed  by gluing 

s i l k  paper over some of t h e  s l o t s ,  i n  order  t o  determine the  

e f f e c t  of t h e  air j e t s  flowing from t h e  s l o t s .  

Tables 111-IV and Figures 12-13 g ive  some o f  t h e  resul ts  

obtained w i t h  model I. The wing model was f irst  subjected t o  

m air-flow pressure  of 5 mm (0.2 in.) and then  of 20 mm (0.8 in . )  
L 
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water column, I n  both cases  the t e s t s  mere made wi th  all t h e  

s l o t s  closed, then with a l l  t h e  s l o t s  open, and f in-al ly ,  with 

t h e  f r o n t  upper s l o t  open and the  o the r  two closed, The charac- 

t e r i s t i c  curves f o r  t he  case w i t h ' a l l  t h e  s l o t s  c losed show 

r e l a t i v e l y  small l i f t  va lues  and quite high drag v d u e s ,  both 

being due t o  t h e  card3oard s t r i p s  which unfavorably a f f ec t ed  

t h e  sur face  of t h e  wing model, abnormally thickened the  boundary 

\ 

l a y e r ,  and increased  t h e  s k i n  f r i c t i o n ,  The l i f t  values  s e s e  

20 t o  25% smaller than f o r  the wing wi th  a smooth surface, 

The c h a r a c t e r i s t i c  curve,  which vas obtained at a small Reynolds 

Number, shows, moreover, t h e  sudden c h a r a c t e r i s t i c  fall i n  t h e  

l i f t  va3ues. 

The c h a r a c t e r i s t i c  curves f o r  t h e  model w i t h  t h e  air  j e t s  

issuing f rom t h e  s l o t s  show, throughout, a considerable i%cr8a,Se 

i n  t h e  l i f t  values ,  which, i n  con t r a s t  w i t h  the well-known: ordi- 

nary  s l o t t e d  wings, extends over t h e  whole range of the angles 

of a t t a c k  and i s  .connected w i t h  a moderate increase i n  t h e  drag 

at small angles of attack 

It is  obvious that  t h e  t e s t  results required some correc- 

t i o n s ,  i n  order t o  represent  accura te ly  the  e f f e c t  of the out- 

flowing air je ts .  F i r s t  i t  was necessary t o  determine t h e  addi- 

t i o n a l  drag produced by the i n l e t  tube and t o  make allowance 

f o r  it i n  the  evaluat ion.  For th i s .  purpose, t h e  inodel was t e s t -  

ed both with and without t h e  i n l e t  tube and t h e  addi t iona3 drag 

was determined from thew d i f f e rence  i n  t h e  results. Furthermore, 
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the  reac t ion  force  of t he  air j e t s  mas measured f o r  var ious j e t  

v e l o c i t i e s  with the  main air s t r e w  stopped, but w i t h  the  

compressed-air pu-mp s t i l l  working. It was l ikewise deducted 

i n  t h e  subsequent cor rec t ion  of the  measured drag values, The 

forward t h r u s t  vas repeatedly measured at  medium angles of at- 

tack  and l a rge  u/v ratios, It might have been allowable not 

t o  deduct from the  t e s t  r e s u l t s  t h e  forward thrust produced by 

the  r e a c t i o n  of the  air j e t s ,  becaube .this thrust was due t o  

t he  system chosen and not t o  the  arrangement of the experi-  

mental. a p p s a t u s .  

A s  i n  the  case of the  s l o t t e d  cy l inder ,  i t  i s  poss ib l e  t o  

e s t a b l i s h  the  dependence of the  magnitude of the  e f f e c t  of the  

air j e t s  on the  r a t i o  of t h e i r  ve loc i ty  of discharge t o  the  

ve loc i ty  of  the  main air stream ( i . e . ,  The l a r g e r  t h i s  

r a t i o  i s ,  t h e  l a r g e r  the  l i f t  values  m i l l  be, The unfavorable 

f l o w  ratios,  mentioned at the  beginning, permit ted no value of 

U/T g rea t e r  than 0.803. 

of 

upper s ide  of t he  wing model. 

t h e  value (0,402) obtained at p = 20 am (0.8 i n , )  €&O and, at 

a medium angle of  a t t ack  u, increases  the  l i f t  about 20$.* 

The absolute  increment i n  the  l i f t  values ,  based on those of 

t h e  wing rnodel without; the  air  j e t s  but w i t h  the  glued cardboard 

u/v). 

This value was obtained at a pressure 

p = 5 rim ( 0 - 2  i n , )  water column with an open s l o t  on the 

I t  is about twice as l a r g e  as 

s t r i p s ,  i s  about 80% f o r  medium angles  of a t tack.  It has been 
* I t  must no t  be forgot ten that  the  two t e s t s  were made at dif-  

fe ren t  Reynolds Numbers, 
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demonstrated that  t h e  number 2nd l o c a t i o n  of t h e  s l o t s  i n  the  

ming p r o f i l e  are of importance. 

f e c t  of a s l o t  on the  lower s ide  of  t h e  t;.ing i s  t o  reduce t h e  

drag. It i s  quite important at a l a r g e  u/v r a t i o  and s : n d l  

angles  o f  a t t a c k  a (F ig .  12 ) .  A t  l a r g e  aiigles of a t t ack ,  how- 

eve r ,  a s l o t  on t h e  lomer side of t h e  King does not increase 

t h e  l ift values  so rAwh as one on the  upper side. 

have shovm t h a t  t h e  e f f e c t  o f  an air j e t  i s su ing  from a s l o t  

near  t h e  lecd ing  edge i s  g r e a t e r  than t h e  e f f e c t  of a similar 

It has been found that  the ef- 

Experiments 

j e t  behind t h e  t h i c k e s t  po r t ion  o f  t h e  ~ i n g .  In  p a r t i c u l L u ,  

t h e  t e s t s  made v i t h  t he  nine-s lot ted model I11 confirined the  

cor rec tness  of t h i s  phenomenomas observed i n  t h e  t e s t s  1.7ith 

models I and 11. 

The j e t  v e l o c i t i e s  u, given i n  the  t ab le s ,  a re  mean val-  

ues ,  s ince  they vary considerably throughout t h e  span. One of 

t h e  por t ions  t e s t e d  is  represented i n  t h e  l e f t  p a r t  of Figure 14. 

The maximum, ug 

of t h e  span, t h e  m-zgnitude o f  u decreasing f rom t h i s  point  i n  

both d i r ec t ions .  l?egative flow v e l o c i t i e s  were observable i n  

t h e  middle t h i r d  of t h e  Qfhcle span f o r  some of t h e  s l o t  arrange- 

ments. Even t h e  d i r e c t i o n  o f  t h e  flow from the s l o t s  was i n  no 

i s  about 2 /3  of t he  distrxnce f rom t h e  center  

case perpendicular  t o  t h e  t r a i l i n g  edge o f  the model throughout 

i t s  whole length.  In  the  middle of the model t h e  d i r e c t i o n s  

diverged up t o  about 45'. A t  the  p o s i t i o n  o f  t h e  ug they 

were mostly perpendicular t o  t h e  t r a i l i n g  edge, while at the  
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wing t i p s  the  d i r e c t i o n  of the  u again diverged 10-15' toward 

the  middle of t h e  ning, as shovm i n  the  r i g h t  portion; of Figure 

14. 

I n  the  experiments v i t h  models I1 and 111 the  pressure dis- 

t r ibu t ion  on the  upper surface vas &so measured at different 

angles  of  a t tack.  The measurements vere made at 1 2  po in t s  on 

the  per iphery in a plane s i t u a t e d  180 mm (7 .1  in . )  from the  

plane of symmetry of  the  model. Plle a re  giving here only the  

r e s u l t s  obtained w i t h  model 111 at the  angle o f  a t tack  a = 0 

and under the  two dynamic pressures  

and 0.8 in , )  water colmm. 

and t h a t  o f - t h e  s i x  s l o t s  i s  shown i n  Figure 15. 

s l o t s  on the  lower s ide  of t h e  wing were closed i n  these t e s t s .  

The r e s u l t s  a r e  given i n  Table V and Figure 15. They show tha t  

during the  discharge of the  compressed air f r o w  the  s l o t s ,  a 

reduct ion i n  the  negative pressure occurs i n  the  v i c i n i t y  of the 

lead ing  edge, but a considerable increase i n  the  negat ive pres- 

sure  toward the  t r a i l i n g  edge. This i s  p a r t i c u l a r l y  not iceable  

f o r  p = 5 mi (0.2 in.)  water colum, whereby u/v had a value 

of  0.402, 

p = 5 mm and 20 mm (0.2 in. 

The loca t ion  of t h e  measuring poin ts  

The th ree  

Before giving the  r e s u l t s  of the  experiments with a nozzle- 

s l o t t e d  monoplane model, I w i l l  cornpare the  r e s u l t s  obtained 

with ordinary s l o t t e d  mings and with nozzle-s lot ted wings. 

Figure 16 shows the  c h a r a c t e r i s t i c s  of the  s e  two types p l o t t e d  

s ide  by side.  I i s  the L/D curve of the  d o t t e d  wing as de- 
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r ived  i n  a modified form from the  Gbttingen wing p r o f i l e  No, 

422 by the in t roduct ion  of nozzle-shaped slotE, 

curve f o r  the  unchanged wing p ro  l e  422.* 111 i s  the  envelope 

curve of the  c h a r a c t e r i s t i c  curves given i n  a e i t s c h r i f t  fur 

Flugtechnik uiid ~ ~ ~ o t o r l u f t s c h i f f a h r t ,  1924, p. 175. . T h i s  wing 

tapered  to7:iiard t he  t i p s  both i n  x id th  and thickness ,  It  ha6 

an adjustable  aux i l i a ry  wing on the lez-ding edge 'and a rmmble 

I1 is the  L/D 

f l a p  on the t r a i l i n g  edge, I V  and V a re  the  c h a r a c t e r i s t i c  

curves of the  nozzle-s lot tkd wing (with and nithout  air j e t s ) ,  

as taken from Figure 12. 112 orde r  t o  enable d i r e c t  comparison, 

the  r e s u l t s  were converted t o  the  s tandard aspect r a t i o  of 6. 

The r e l a t i v e  p o s i t i o n '  of  the  curves c l ea r ly  demonstrates 

the  supe r io r i ty  of the nozzle-s lot ted wings, e spec ia l ly  at small 

asld medium angles  of a t tack.  Curve I11 passes  above curve IV 

only a f t e r  t he  angle of a t t a c k  exceeds 16'. Curve IV, which, 

fo? l a c k  of space,  i s  only p a r t i a l l y  shown, eo-ntinues t o  climb 

Up t o  2 CA = 292 at a = 24'. The tests showed that the  

l i f t  A continued t o  increase even beyond t h i s  angle of a t tack.  

It  i s  a l s o  worth not ing that the  l i f t  values  of curve I V  were 

reached at a s a a i l e r  a than those of curve 111, which i s  of 

p r a c t i c a l  importance i n  landing,  

The good r e s u l t s  obtained i n  experiments with normal wings 

furnished,  t he  reason f o r  t e s t i n g  a nozzle-s lot ted wing i n  com- 

binat iorr  with a fuselage. 
*These curves were taken from l lErgeSnisse,l l  Vol, 11, pp. 61-64, 

and Vol, I, p. 109. 

Drawings of the  wooden model- a re  - - 
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shown i n  Figure 17. 

p a r t s  joined i n  the plane of symmetry, 

toge ther  by two screws with the  i n t e r p o s i t i o n  of a t h i n  rubber 

p l a t e .  The s ide  of t he  fuselage fac ing  the  l i f t  balance w a s  

provided with a shor t  connection f o r  the  compressed-air pipe. 

The two wings were joined t o  t he  fuselage at about ha l f  i t s  

height.  They were made of  wood and had three  nozzle-shaped 

slots on the upper s ide ,  the  openings being covered w i t h  card- 

The fuselage w a s  hol low and made i n  two 

The two p a r t s  were held 

board s t r i p s  glued at one edge, The s l o t s  were perpendicular 

t o  the  plane of symmetry. They began at the fuselage and ended 

about 15  mm (0.6 in . )  from the  wing t i p s .  Each wing consis ted 

of t h ree  parts. One part formed the  lead ing  edge, lower por- 

t i o =  and t r a i l i n g  edge of the  wing, The two other p a r t s  l a y  

between the  s l o t s .  They were joined t o  t he  lower p a r t  at two 

p o i n t s  of the span. 

The t e s t s  were made at the  th ree  dynamic pressures  of 

p = 5 ,  LO and 20 mm (0.2, 0.4 and 0.8 inch)  water column. By 

c los ing  some of the slots, the  e f f e c t  of t h e i r  number and posi- 

t i o m w a s  t e s t e d ,  The pressure of t he  air w a s  regulated by 

t h r o t t l i n g  at the  suct ion s ide  of  the cen t r i fuga l  blower. In  

order  t o  determine the  e f f e c t  of the compressed-air tube on the 

drag, the  model mas t e s t e d  i n  the  air stream, l i k e  an o r d i n s y  

wing model, both with m d  without t h i s  tube. The addi t ion& 

drag due t o  t h e  tube w a s  thus  determined,. and allowance was made 

f o r  it i n  the  ca lcu la t ions .  The react iom e f f e c t  of  the  outflow- 
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ing  air was a l s o  deducted i n  t h e  same way as f o r  ordinary wings, 

The "angle of  a t tack"  was measured between a reference 

l i n e  dram on t h e .  s ide  of t h e  fuselage and the  d i r e c t i o n  of flow 

of t he  air stream. The angleformed lsy the  wing chords with re- 

spect  t o  t h i s  reference l i n e  a re  ind ica ted  i n  Fig. 17. The wing 

a r e a  F, required f o r  ca l cu la t ing  the  fo rces  per u n i t  area,  was 

1056 cm2 (1.1367 sq,ft.). 

From the  grea t  number of t e s t s  made with t h i s  monoplane mod- 

e l ,  only the  r e s u l t s  obtained at pressures  o f  5 and LO mm water 

columrn, with air flowing from all th ree  s l o t s ,  a re  given here 

(Table V I  and Fig. 18). I n  both cases ,  t h e  mem j e t  ve loc i ty  

u w a s  7.15 m / s  (23.5 ' f t . / sec . ) ,  making u/v 0.8 i n  oxre case,  

and 0,565 i n  the  other. 

The experimental r e s u l t s  i nd ica t e  that ,  when air i s  flowing 

from the  s l o t s ,  the  l i f t  values  increase about 80$ over the 

whole range of the  angles of attack. The corresponding drag 

viiLues decrease but l i t t l e ,  however, The maximum l i f t  v d u e s  

a re  ob ta imd at g r e a t e r  angles of attack than with ordinary 

wings. Na tu ra l ly  the  maximum n l u e s  of t he  coe f f i c i en t  of g l i d e  

(L/D r a t i o )  and of CA3/CT2 a r e  very l a rge ,  If, f o r  example, 

we then have ( C ~ / C W ) ~  = 29.8 and (cA3/cf) as U/V = 0.8,- 

conpared with 11.15 and 123, r e spec t ive ly ,  i n  t he  case of a wing 

without air j e t s .  

g' 

Also i n  the  case of a momplane model, the  pressure  distri- 

butioxxwas measured On the  upper s ide  of t he  wing i n  a cross  
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sec t iom200  m (7.87 in.) f r o m  the p l a x  of symmetry of the mod- 

e l .  Table V I 1  and Figure 19 g ive  t h e  negat ive p re s su res  f o r  

p = 5 and 10 m (0.2 ;and 0.4 in.) H,O at a = 0 and 12'. 

It i s  xppazent t ha t  t h e  l i f t  increase  is ascr ibable  t o  t h e  very 

considerzble lesseniiig of t h e  pressure  reduct ion  toward t h e  

t r a i l i n g  edge, 

The v e l o c i t y  d i s t r i b u t i o n  of t h e  outflow and i t s  d i r e c t i o n  

throughout t h e  span i s  much the  same as for normal wings, i.e., 

a r a p i d  reduction- i n  t h e  ve loc i ty  of the  outflow near  t he  fuse- 

l a g e  and it grea t  divergence i n  i t s  d i r e c t i o n .  

Taken c o l l e c t i v e l y ,  t h e  experiments show that,  as regards 

increas ing  t h e  l i f t  values,  the  e f f e c t  of t h e  zir flowing from 

the  nozzle-shaped s l o t s  i s  s i m i l a r  t o  t h e  e f f e c t  produced i n  

t h e  case of ordinary s l o t t e d  wings. The high l i f t  values  a re  

a t t a i n e d ,  however, at the  saaller angles  of a t t a c k  employed i n  

ord inary  f l i g h t .  The drag v,iiLues axe only a l i t t l e  g r e a t e r  

thLw f o r  wings of simpler co-mtruction. In  t h i s  regard it does 

not matter whether sir is flowing from the s l o t s  o r  not.  Unlike 

ord inary  s l o t t e d  wings, nozzle-slotted wings requi re  no movable 

p a r t s  f o r  r egu la t ing  t h e  e f f e c t  of *the s l o t s ,  i t  being necessary 

only t o  v u y  t h e  outflow ve loc i ty  of t he  air. The number and 

l o c a t i o n  of t h e  s l o t s  i n  t h e  wing p r o f i l e  g r e a t l y  a f f e c t  t h e i r  

aerodynamic action. The outflowing air imparts energy t o  the  

boundary l a y e r  and consequently delays i t s  separat ion and the  

formation of vor t ices .  Simultaneously, t h e  distribution of the 
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negat ive pressure on the upper surface of the w i n g  i s  improved 

toward the  t r a i l i n g  edge. 

- Note.- While the  magazine from which t h i s  a r t i c l e  was 

taken was i n  p re s s ,  the  wr i t e r  learned that experiments were 

being i n s t i t u t e d  i n  Germany and i n  Switzerland v i t h  th-e object  

of increasing the  maximum l i f t  by removing the  bound,ary l aye r  

from the  upper surface of t h e  t.ring. I n  Germmy, Mr, SeewLd 

of Berl in ,  publ ished the  r e s u l t s  o f  such experiments i n  ZsF.B., 

1927, P D  350.* The r e s u l t s  of the  i n v e s t i g a t i o x b y  N r .  Wie1,wd 
of Basel, are given i n  t h e  same magarsine, p.346,** 

In  both cases ,  compressed sir vas released on the  upper 

side of a i r f o i l s  p a r a l l e l  t o  t h e  lead ing  edge, The r e s u l t s  

were similar t o  those given a?3ove, i n  t h a t  both inves t iga to r s  

observed a considerable  increase i n  the 

m a n  experiments were performed at very high pressures  ins ide  

t h e  a i r f o i l  (up t o  4 atmospheres gauge p res su re ) ,  which probably 

could never be used i n  p rac t i ce .  Values of 2 c 

were obtained at 

sures.  It should be noted, however, t h a t  both experimenters 

values. The Ger- % 

up t o  335 
Ag 

u = 30°, Wielmd also used very high pres-  

measured the  pressures  a long way from t he  outflow openings 

on the  upper surface of th.e a i r foi ls ,  The r e s u l t s  mere there- 
*For t r a n s l a t i o n ,  see N.A.DC.A. Techr-ical IJemorandurz Moo -141: 

"Increasing L i f t  by Releasing Compressed A i r  on Suction Side 

**For t r m s l a t i o n ,  see IT. A. C. A. Technical Memosandurn No. 472: 
"Experiments wi th  a WirLg f rom Which the  Boundary Layer i s  Re- 

of Airfoi l .  It 

moved by Pressure o r  
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R 
P 
V 

2 cq 

fo re  a f f ec t ed  by the  considerable 

8_7,800 123,800 152,000 

94.6 73.8 60aO 51.0 47.5 

5 10 15  
8.95 12.7 15.5 

521 

pressure losses 
1) 

I I 1 I 

i n  the  

I .  

23 

del iv-  

a 

416 ! 73.1 
361 63.6 
L60 59.1 
116 54.0 
94 57.0 

2CA 1 2CV3. 

e r y  pipes ,  which had. t o  be made q u i t e  small. Seewjld a l s o  mcn- 

t i o n s  t h i s  f a c t  i n  h i s  t r e a t i s e .  

Wieland found, i n  agreement with our i nves t iga t ions ,  t h a t  

b 

2cA 9Q 
343 68 
215 6 1  
138 55.3 
104 51 
- 79 52.9 

t h e  mgnitude 

and operation 

even at sniall 

5 ' 8a95 
10 12.7 
15 15.5 

of the  drag was hardly a f f ec t ed  by the  locxt ion  

19a6 2.19 
19.6 1.54 
19a6 1.26 

of t h e  s lo t s .  The increase i n  the  l i f t  values 

Fund rnediurn angles of  a t t a c k ,  as uniformly observed 

i n  the  nunerous Vienna expesiments, d i f f e r e d  from t h e  experi- 

mental r e s u l t s  of Wielarnd and the  t h e o r c t i c a l  conclusions of 

Seewald. 

TABLE 11. 

J 
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TABLE 11 (Cont.) 

TABLE 111. 
Wing model I. 
Norind wing, 900 x 150 rflm (35.4 X 5.9 i n . ) ,  rectangular plan. 
F = 1350 crn2 (1,453 sq.f t . )  
Dynayic pressure 
Wind velocity 
2 slots on upper side of  wing, 1 on lower side' 

p = 5 mm (0,2 i n , )  H 2 0  
v = 8.98 m / s  (29.46 ft . /sec.)  

-6 
-3 

0 
3 
6 
9 

1 2  
15 
18 
21 
24 

7.46 
17.18 
32.8 
50.0 
64.2 

-. 71.6 
85.2 

- 79.1 

- 
- 

All s l o t s  closed 

6.Q5 m/s 

0 ,  

2CA 

35.8 
51 ,5  
.... 71.6 
97,s 
122 c 1 
148,O 
172,O 1w 0 0 
21-2 0 0 
243,5 
257.0 - 

'2 

2cW 
18 05 

5.81 
4.37 
4.40 
5.98 
9.35 

15.2 

37.1 
24.5 

56.8 
I 

Only front  upper 
slot open 

- 7.2 m / s  

0.803 

43.4 
70.9 
95.5 

123.0 
146.0 
173.0 
199 e 0 
224,5 
248 0 
270,O 
292,o 

2% 
21.1 
6.87 
S*lZ 
6.56 
8.36 

14.2 
22.6 
Z2.1 
45.6 
65,O - 
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J e t  
v e l o c i t y  

u/v 
U 

a0 

-6 
-3 

0 
3 '  
6 
9 

1 2  
15 
18 
2 1  
24 

TABLE IV. 

0 m/s 
- 

0 

2 C A  2 C\V 

1-49 y o 4 6  
10,81 3.92 
24.6 4.18 

5.23 

64.2 l L 4 3  
y3.75 13.06 
82.8 15.7 
92.0 19.b 
99.5 22.2 
lo? . 0 16.95 

Ving model I. 
Normal wing, 900 X 150 m (35.4 X 5.9 in.)  r ec t angu las  plm. 
F = 1350 crn2 (1.453 Sqmft . ) .  
Dynamic pressure  
Vpirrdl v e l o c i t v  

p = 20 y?n: '0.8 in.)  Go; 
v = 17.9 m/a i ,58.7 f t . / sec . )  

7.05 m/s 

00394 

2 s l o t s  on usper side o f  

All s l o t s  opes  

7.2 m / s  

0.402 

2 C A  I 2cw 
30,2 13.85 
45.6 ' 6,09 
58.6 5.195 
_79.5 5.62 
97.0 6.81 
iiG . 8 8.75 
131.2 10.75 
145.0 14-08 

161.2 22.7 
155.0 18.5 

165.0 2 5 8  

wing, 1 - o n  lower side. 

2CA 2CTJ 
21.6 9.6 
36.7 6.82 
68 .O 5.32 
91.4 6.84 

111.0 8.95 
130.0 13. e 58 
145.0 14.25 
162 . 5 19.2 
179.0 24.0 
188.0 29a75 
19_? . 0 35.4 

Only f r o n t  upper All slots c losed  1 open 
I - 
I 
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Dynamic pressure p = 
I__- 

Measuring point  
IT0 

26 

5 20 

Without Vith Without With 
- Air j e t  A i r  j e t  I 
+2 + 1.6 -I- 8 + 8  
-4 - 2.5 -16.4 -1 5 
-6 - 5.4 -22.4 -23 
-6 - 604 -24 2 7  
-6.5 - 7.2 -24.6 -2s 

-- 

- TABLE V. 
Wing model 111. 
Angle o f  a t tack  a 5 0'. 
pz = s t a t i c  pressure i n  mrn h 0 .  
+ = pos i t i ve  pressure. - = negative pressure. 

-6 
-4.0 
-3.4 
-0.6 
-002 

1 
2 
3 
4 
5 
6 
7 
8 
9 

LO 

-10.2 -23.7 

-13.1 -11 e 6 
-10 6 - 4  - 7.6 - 1  

-12.z -19 

11 
12 

-25.4 - 8.4 1 -25.5 
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I 1 -  

5 ml rr,o 
8.98 m / s  
7.15 m / s  
0.8 

I 

J e t  v e l o c i t y  u 
UIV 

TABLE VI. 
Nonoplane model, 
F = 1056 cm2 (1.136_7 sq.ft.) 
3 s l o t s  on upper side o f  wing 

a0 
-6 
-3 
0 
3 
6 

I Dynamic p res su re  p 
W i n d  v e l o c i t y  v 

All s l o t s  c losed  
2 C A  2CW 

806 3.4 
31 3.8 
55.6 5.0 

103 9e4 
80 _7*2 

34.8 
60.5 
8982 

118 . 6 
150.0 
175.2 
198.4 
213.0 
190.4 
149.6 

5,4 
3*4 
21.3 
4. 4 
7.0 
10.0 
15,8 
29,6 
39,O 
40.6 

.L 

10 nrn H5O 
12,63 m]s 
7,:s m / s  
0,565 

15 
18 
21 

A l l  s i o t r ;  open 

108 25.4 
90 36.0 
82 40.8 

Dynamic p res su re  p 
. Wind v e l o c i t y  v 

Jet  v e l o c i t y  u 
u/v 

UO 

-6 
-3 
0 
3 
6 

1 2  
15 
18 
21 

9 

5 m m H O  10 min H 0 
8-98 m 7 s  12.63 m 7 s  
-7.15 m / s  - 7.15 ra/s 
098 0.565 

- A11 s l o t s  closed A l l  s l o t s  open 

- 2CA 2cw 2 C A  2 C T  
705  3.7 26 4.5 

3 0 3  3.8 53 3" 4 
55,O 4.8 80.8 2,9 
78,5 603 116.8 4.6 
98e 5 808 1.42 . 3 7 * 4  

108.5 11.5 162.6 lB.9 
111 15.2 179.2 16,G 
110 24.0 1?8* 5 23-5 
95.5 34.5 1658 7 35.8 
86.5 41.0 12_7 .3 40.4 
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5 10 

28 

5 10 

TABLE VII. 
Monop1,me model. 
p1 = s t a t i c  pressure  i n  mn 
+ = p o s i t i v e  pressure .  - = negat ive  pressure.  

A i r  j e t  

Angle 
O f  

- A i r  j e t  1 A i r  j e t  i A i r  

a t t a c k  
a 

Dynamic 
p r e s  s u r e  

P 
Dlie asur i n g  

p o i n t  
NO 

1 
2 
3 
4 
5 
6 
7 - 

-Om5 
-8 
-8 

O0 

- 5 
-10 
-10.5 

+12O 

I + 3 1 -  2e5 -10 I -  9.5 

-13.5 1-17.5 - 9 -13,s 
-12.5 1-18 - 5.5 -13.5 

- 4  -20 - 2  -15.5 

-13 -16 - 3.5 1-14 

-10 1-18.5 - 2.5 -i4,5 

1 -  1.5 1-22 1 - 1.5 1-12.5 

-14 
-1 4 
-16 - 9 - 4.5 

- 3.5 - 4 

I 

MTithoutI With \Without 

-10.5 
-3.5 1-11.5 

-1 -15.5 -3 I -I3 
I I 1 I 1 I 

With 

e t  

-21 
-25 
-24 
-23.5 
-22 
-21 
-21.5 

Tpanslat ion by Dwight 11. Xiner, 
Nat ional  Advisory Committee 
f o r  Aeronautics. 
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S e c t i o n  V-V 

1 1  S e c t i o n  1-1 

c-110- Fig.17 
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2cA 
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+-+Developed upper contour- 
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